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ABSTRACT 
 
 
 
 
 Concrete is the most popular building material in the world.  As the 
requirement for development in infrastructure increases, the demand for the Ordinary 
Portland Cement concrete also increases.  Furthermore, there are many demands on 
the innovative concrete, which is stronger, and cheaper than the conventional 
concrete.  Thus, Graphene Nanoplatelets additive comes forward to overcome 
strength problems.  As known, Graphene Nanoplatelets is sulphate material which 
has good electrical conductivity and ultrafiltration, strong, stiff, very light and more 
durable.  It has been used as an alternative to improve the strength of fly ash 
concrete.  In this study, the effects of graphene are evaluated for two different 
percentages which are 0.05% and 0.10%.  Fly ash is waste material used as 
replacement to reduce the usage of cement and to predict positive strength of the 
concrete for it has pozzolan characteristics.  Furthermore, it has been proven that 
concrete strength is increased when fly ash is used between 15-25%.  Laboratory 
testing is the main method and is conducted to analyse the performance of graphene 
on fly ash concrete.  It is based on BS 5328: Part 1:1991 and BS1881:1983. Grade 
25N/mm2 is designed for concrete mixture 0.5 water to cement ratio.  There are 60 
samples tested, which are 36 cube and 24 prismatic samples with dimension of 
100mmx100mmx100mm and 100mmx100mmx500mm respectively.  Tests are 
performed on the 7th and 28th day of water curing.  Results show that the 
workability of concrete is reduced with increased graphene but the mechanical 
characteristic of concrete is increased.  From the result obtained, the optimum value 
occurs on day 28 with 0.05% of graphene.  The optimum values of compressive and 
flexural strength are 25.031MPa and 4.72MPa respectively.  In conclusion, as an 
additive, Graphene Nanoplatelets improves the strength development of fly ash 
concrete by increasing its strength and enhancing other characteristics. 
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ABSTRAK 
 
 
 
 
Konkrit merupakan bahan binaan utama di dunia dan digunakan dalam bidang 
Seiring dengan kepesatan pembangunan, permintaan terhadap konkrit juga 
meningkat. Tambahan pula terdapat banyak permintaan terhadap konkrit inovatif 
yang kuat dan lebih murah daripada konkrit konvensional seperti Ordinary Portland 
Cement. Oleh itu, Graphene Nanoplatelets telah digunakan sebagai bahan tambah 
bagi meningkatkan kekuatan konkrit abu terbang tersebut. Graphene Nanoplatelets 
merupakan bahan sulfat yang mempunyai sifat konduksi elektirk yang baik, kuat, 
keras, ringan dan lebih tahan lama. Kajian ini telah menggunakan 0.05% dan 0.10% 
graphene bagi melihat keberkesanannya terhadap kekuatan konkrit abu terbang. Abu 
terbang merupakan bahan buangan yang digunakan sebagai bahan ganti simen 
kerana ianya mempunyai ciri-ciri pozzolan. Tambahan pula terdapat kajian yang 
membuktikan bahawa penggunaan abu terbang di antara 15-25% dapat 
meningkatkan kekuatan konkrit. Ujian makmal merupakan kaedah utama digunakan 
di dalam kajian ini bagi menganalisis prestasi graphene terhadap konkrit abu terbang 
dengan menggunakan BS 5328: Part 1:1991 dan BS1881:1983 sebagai rujukan. 
Rekabentuk campuran konkrit gred 25N/mm2 direkabentuk dengan nilai nisbah air 
0.5 terhadap konkrit. Terdapat 60 sample yang akan duji iaitu 36 kiub dan 24 
prismatik sampel, masing-masing bersaiz 100mm x100mm x100mm dan 100mm 
x100mm x500mm. Ujian terhadap sampel akan dilaksanakan pada hari ke 7 dan 28. 
Keputusan ujian menunjukkan peningkatan graphene telah mengurangkan 
kebolehkerjaan konkrit tetapi telah meningkatkan ciri-ciri mekanikal konkrit. Dari 
keputusan yang diperolehi menunjukkan nilai optimum berlaku pada hari ke-28 
dengan nilai 0.05% graphene. Nilai optimum kekuatan mampatan dan lenturan yang 
diperolehi adalah 25.031MPa dan 4.72MPa.  Kesimpulannya, sebagai bahan tambah, 
graphene dapat meningkatkan kekuatan serta sifat konkrit abu terbang. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction  
 
 
Concrete is the most popular building material in the world.  Nowadays, all 
construction works have been using cement as the main material in concrete mixture 
design.  Ordinary Portland Cement (OPC) is generally used as the primary binder of 
the concrete in construction including coarse aggregates, fine aggregates and water.  
As the requirement for development in infrastructure increases, the demand for the 
OPC concrete also increases.  However, there are more demands on the innovative 
concrete, which is stronger and cheaper than the conventional concrete.  Thus, 
carbon nanotubes additive comes forward to meet the demand.  
 
With the development of nano materials, carbon nano-fibers such as carbon 
nanotubes and Graphene Nanoplatelets are gradually studied.  Graphene is a thin 
layer of pure carbon which is composed of single, tightly packed layer of carbon 
atoms that are bonded together in a hexagonal honeycomb lattice.  It is a two 
dimensional carbon molecule in which the structure is quite similar to graphite.  
According to Antonio et al. (2016), Graphene Oxide has generated an interest since it 
acts as a supplement in the concrete mixture and a precursor to increase the strength 
and to enhance other characteristics of concrete.  Furthermore, it has been proven 
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that the concrete compression could be improved from 5% to 40% when enriched by 
graphene nano materials merely from 0.01% to 1% of OPC weight. Thus, this 
technology is widely applied in construction.  
 
Fly-ash has the characteristic of cement known as pozzolan, it little possess 
itself because it has siliceous material or no cementitious value.  It is known from the 
last century (Anon, 1974) that fly ash has the potential as a supplementary 
cementitious material in concrete.  Furthermore, fly-ash is a form of waste material 
produced during manufacturing process from quarry industry.  This waste material 
affects the environment directly and may cause environmental problems. Therefore, 
it is very important to minimize the environmental effects by using fly ash as an 
alternative to replace cement in the concrete mixture.   
 
There are many researches done on the performance of the fly ash on 
workability and strength of concrete but it depends on the application, properties of 
the fly ash as well as specification limit. Historically, 15% to 25% mass of fly ash 
has been used as cementitious materials component in concrete (Thomas, 2007).   
 
 
 
 
1.2 Problem Statement 
 
 
The use of fly ash in concrete mixture has a limitation.  It may decrease the 
mechanical properties of concrete such as strength, durability, porosity and others. 
Most researchers have finds that the usage of 15-25% of fly ash can help improve the 
strength of the concrete (Naik et al., 2003; Poon et al., 2004; Thomas, 2007; Feng 
and Clark, 2011; Bhaskar and Sathyam, 2014; and Shakir et al., 2014). However, 
there is no exact percentage to improve the performance of the concrete.  Thus, the 
effectiveness of mixture design depends on several factors including the type and 
quantity of cement, fly ash and additive.  Hence, to overcome these problems, 
sulphate materials are used to improve the performance of the concrete.  Graphene 
Nanoplatelets one of sulphate materials used as an additive to fly ash concrete.  It has 
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been used as an alternative to increase the strength (Pan, 2012; Shenghua et al., 
2013; Sedaghat et al., 2014; and Devasena et al., 2015).  However, to what extent 
does graphene improve the performance of fly ash concrete. 
 
 
 
 
1.3 Research Aim and Objectives 
 
 
The main aim of this research is to study the effects of graphene against 
workability, water absorption, compression strength and flexural strength of 
graphene fly ash concrete. This study has 3 objectives: 
 
i. To determine the characteristics of Graphene. 
ii. To calculate the mixture design of graphene for fly ash concrete. 
iii. To identify the effect of graphene on physical and mechanical properties of 
fly ash concrete. 
 
 
 
 
1.4 Scope of Work 
 
 
Scope of work covers the strength development of Fly Ash Concrete 
incorporating Graphene Nanoplatelets.  It is done to identify the workability, density, 
water absorption, compression, and flexural strength of concrete on day 7 and day 28 
of curing.  Only compression and flexural tests are covered for mechanical 
performance because compressive strength of concrete is the most important 
characteristic.  As known, an increase in compressive strength will improve 
concrete’s mechanical properties.   
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Referring to BS 5328: Part 1:1991 and BS1881:1983, the 25N/mm2 concrete 
mixture is designed with 0.5 water to cement ratio.  25% of fly ash replaced with 
graphene with percentages of 0%, 0.05% and 0.1% as an additive is studied. The 
fresh properties of Graphene Fly Ash concrete are determined through the slump test. 
 
The experimental programs are prepared with two sizes of samples which are 
cube sizes (100mmx100mmx100mm) to test for water absorption and compressive 
strength, and prismatic samples (100mmx100mmx500mm) for the flexural test.  
Every test is conducted on 3 samples per testing for Graphene- Fly Ash Concrete.   
 
 
 
 
1.5 Significance of Study 
 
 
In the construction industry, cement is used as an important building material.  
There are many waste materials produced from quarry industry such as fly ash, 
quarry dust and others that can replace a certain portion of the cement.  These waste 
materials are causing degradation to the environment as well as to flora and fauna.   
 
The choice of fly ash as the replacement of cement has been supported in the 
previous studies and has obtained positive results.  Therefore, the use of 25% of fly 
ash as a replacement will reduce the usage of cement and contribute in the good 
strength of the concrete.  The significance of this study is to get the minimum 
percentage of Graphene Nanoplatelets to improve the strength of fly ash concrete.  
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